Introduction
Aquaculture is the fastest growing animal foodproducing sector in the world, whose potential to meet the challenges of food security, and generate jobs and economic gains have been clearly demonstrated (HLPE, 2014; FAO, 2016) . Therefore, it is essential to find ways to develop the activity in a sustainable way, seeking to increase production without compromising natural resources, based on a vision of food and nutritional security (SOUZA, 2010; HLPE, 2014) . In this regard, fish production in organic/agroecological systems becomes an important alternative, since it is bases in principles that minimizes the negative impacts of the activity and adds value to the final products (BOSCOLO et al., 2012; MUELBERT et al., 2016) .
Organic aquaculture in Brazil is ruled by the Interministerial Normative Instruction MAPA/ MPA No. 28, of June 8, 2011, which establishes technical standards and general requirements for environmental, economic, and social issues, as well as animal welfare, use of inputs, among other criteria for organic systems of aquaculture production. The regulation recommends a production system that preferably uses native species and prohibit the use of antibiotics, as well as other synthetic feed additives (BRASIL, 2011) .
Among the several native species with potential for aquaculture, silver catfish (Rhamdia sp.), also known as jundiá, stands out especially for cultivation in the southern region of Brazil, as it is a fish adapted to the cold climate of the region, showing continuous growth in the months of winter (FRACALOSSI et al., 2004) . The species also presents other desirable characteristics, such as meat quality, the absence of intramuscular spines, good palatability, management resistance, and docility (BALDISSEROTTO; RADÜNZ NETO, 2005) . However, despite its characteristics of interest, the obstacle to the production of silver catfish is the high susceptibility to the ectoparasite Ichthyophthirius multifiliis, popularly known as ich, which causes the disease known as "white spot disease" or Ichthyophthiriasis, commonly treated with toxic substances to men and the environment (BORBA et al., 2007; PÁDUA et al., 2012) .
In this context, as an alternative to the use of synthetic chemotherapeutics, several natural products based on aromatic plants have drawn great attention and have been studied in different species of zootechnical interest, such as fish (ABBAS et al., 2012; CHAVES et al., 2011; GIANNENAS et al., 2003; MICHIELS et al., 2010; ZHENG et al., 2009) . The search for alternative additives with the potential to enhance zootechnical performance and improve the immune system of the animal without leaving any residue in the fish meat or resulting in resistant bacteria has driven research on the inclusion of natural products in fish diets (CAMPAGNOLO et al., 2013) . Among these products, the essential oil of oregano, Origanum sp., has been distinguished not only as a growth promoter (FERREIRA et al., 2014) but also as an antioxidant and antimicrobial (ZHENG et al., 2009 ). However, there are also reports of studies in which the use of this additive in the diet had no effect on the performance or health of some fish species (VOLPATTI et al., 2014; YILMAZ et al., 2015) .
Thus, the objective of this study was to evaluate the efficacy of feed supplementation with different concentrations of oregano essential oil, Origanum vulgare, in the performance optimization of silver catfish, Rhamdia sp., and in the resistance to the ectoparasite I. multifiliis.
Material e Methods

Fish and experimental conditions
The present study was carried out in the facilities of the Aquaculture Laboratories of the Federal University of Fronteira Sul (UFFS), Campus of Laranjeiras do Sul, Paraná, Brazil, from January to April 2016. Groups of 20 juveniles of silver catfish, Rhamdia sp. (Initial weight: 12.5 ± 0.5g), from induced reproduction carried out at the Fish Farming Laboratory of the UFFS, were stocked in 20 polyethylene tanks (34 x 32 x 65.5 cm, useful volume 54 L), connected to a recirculating system with continuous flow of heated and salinized water, with individual aeration. After three days of adaptation to the experimental conditions, during which the fish were fed twice a day with the control diet (without oregano essential oil), the experiment was started. The experimental design was completely randomized and each of the five experimental diets (Table 1) was distributed to four groups of fish. Silver catfish juveniles were fed to apparent satiety twice a day (9:00 a.m. and 5:00 p.m.) for 89 days and the amount of diet provided for each experimental unit was recorded daily. Composition (units kg -1 of premix): vitamin A -1,000,000 IU; vitamin D3 -500,000 IU; vitamin E -20,000 IU; vitamin K3 -500 mg; antioxidant -0.6 g; folic acid -250 mg; pantothenic acid -5000 mg; biotin -125 mg; niacin -5000 mg; thiamin -1250 mg; cyanocobalamin -3750 mg; riboflavin -2500 mg; pyridoxine 2485 mg; ascorbic acid 42,000 mg; cobalt 25 mg; copper 2000 mg; iron 13,820 mg; iodine 100 mg; manganese 3750 mg; selenium 75 mg and zinc 17,500 mg.
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Values calculated according to the chemical composition of oregano essential oil presented by the manufacturer.
The photoperiod was 12 hours light. The water temperature and salinity (monitored daily) remained at 28.3 ± 0.97 °C and 3.1 ± 0.64 ‰, respectively. Levels of pH, ammonia, and nitrite (monitored weekly) were maintained at 7 ± 0.04, 0.021 ± 0.009 mg L -1 , and 0.4 ± 0.08 mg L -1 , respectively. Dissolved oxygen concentrations, hardness, and alkalinity (monitored fortnightly) were 8.84 ± 0.66 mg L -1 , 86.67 ± 40.33 mg L -1 , and 31.67 ± 11.69 mg L -1 , respectively. All water quality parameters were within tolerable conditions for the species (GOMES et al., 2000) .
At the end of the feeding period, the fish were anesthetized (1 mL clove oil 10 L -1 water), counted and weighed individually for survival and growth assessment. After biometry, seven silver catfish were placed in their respective tanks, which were disconnected from the recirculation system to perform the experimental infection with I. multifilliis.
Experimental diets
Five isoproteic (37% crude protein -CP) and isoenergetic (3,315 Kcal digestible energy -DE kg -1 ) pelleted diets were formulated to meet the nutritional requirements of silver catfish (RADÜNZ NETO; BORBA, 2012). The basal composition of the diets was fish and soybean meals, as protein ingredients; corn, wheat, and certified organic soybean oil, as energetic ingredients; salt; mineralvitamin premix; and essential oil of oregano ), with four replicates ( Table  1 ). All dry ingredients were milled and sieved (<600 μ) to standardize the particle diameter. The oregano essential oil was mixed with soybean oil and then homogenized to the other ingredients. The diets were prepared by initially blending the dry ingredients, then adding the oil, and finally water. The resulting homogeneous mass was passed through a 3-mm mesh matrix and the filaments produced were oven dried at 40 °C. After drying, the diets were packed in hermetically sealed plastic bags and stored at -20 °C until use. To avoid frequent handling of frozen diets, sufficient quantities for one week were stored in plastic bottles and kept under refrigeration (4 °C). The centesimal composition of the diets was determined according to procedures of the Association of Official Analytical Chemists (AOAC, 2000) .
Growth assessment and hematological analysis of fish
The fish from each experimental unit, after 15 hours fasting, were anesthetized and weighed in groups every twenty days and individually at the end of the experiment. Samples of 20 silver catfish from the initial stock and 3 silver catfish per tank (n = 12) at the end of the experiment were collected to determine the body composition of the whole fish (AOAC, 2000) . The fish were sacrificed by medullary section and stored (-20 °C) until analysis. The livers and viscera of the other three silver catfish per tank (n = 12) were removed and weighed to determine respectively the hepatosomatic index (HSI) and viscerosomatic index (VSI), besides carcass yield. For the hematological analysis, blood samples were obtained by caudal vein puncture of two fish per tank (n = 8). The procedures used in this study were in accordance with the Ethics Committee for Animal Use (CEUA) -UFFS, Protocol No. 23205.002276 / 2015-16.
The performance of silver catfish juveniles was evaluated considering the following parameters: For the hematological analysis, at the end of the 89 days of the feeding period, blood was collected from two silver catfish juveniles per experimental unit (n = 8) using syringes washed internally with 10% EDTA solution. The absolute hematimetric indexes and their variables, differential leukocyte count, total leukocyte count, thrombocytes and respiratory burst were evaluated. The erythrocyte count was carried out in a Newbauer hemocytometric chamber using diluent according to Natt and Herrick (1952) . Hemoglobin concentration was assessed according to the cyanometa-hemoglobin method (BLAXHALL; DAISLEY, 1973) . The hematocrit was determined using microhematocrit according to the methodology recommended by Goldenfarb et al. (1971 Rosenfeld (1947) , where 100 cells were counted in each slide and the result expressed in% of each cell type (neutrophil, lymphocyte, monocyte, eosinophil and special granulocytic cell). Then the absolute number of each was calculated with respect to the total number of leukocytes observed in the Newbauer chamber. The respiratory burst of leukocytes was determined following the protocol of Anderson and Siwicki (1995) , which consists of a colorimetric determination of the ROS (reactive oxygen species) produced by the respiratory burst of leukocytes.
Experimental infection -determination of infection level and accumulated mortality
Silver catfish juveniles, naturally infected with ich, were kept in an isolated tank in the laboratory, serving as initial inoculum for the experimental infection. The ich challenge followed different steps: 1 -collection of trophonts by gentle scraping with a scalpel blade on the body surface of ich infected silver catfish; 2 -deposition of this collected material into a Petri dish by scalpel blade washing with dechlorinated water jets, being then incubated for 24 hours for theronts (infectious form) to be inoculated in each experimental unit; 3 -these theronts were then transferred to a 30-mL Becker flask, counted in triplicate with the aid of a Sedgewick-Rafter chamber (theronts mL -1 ); then, 21,000 theronts were inoculated per fish (XU et al., 2004) . The proper number of theronts for each experimental unit (147,000) was placed in Petri dishes, which were subsequently dipped into the tanks. In order to have a higher probability of the parasite-host encounter, the water volume of the tanks was reduced to 15 L in the first hour of ich infection and the volume (54 L) was restored later. One replicate of each treatment was not inoculated with ich and served as a negative control of the infection.
During the period of experimental infection, fish were fed only once a day to avoid deterioration of water quality. Moreover, in order to minimize the risk of modifying the quantity of inoculum in the tanks because of the eventual removal of parasites via siphoning and water exchange, 30% of the water volume was renewed every two days. Temperature, concentrations of dissolved oxygen, and ammonia in the water during infection period were, respectively, 19.02 ± 0.72 °C, 7.5 ± 0.5 mg L -1 and 0.1 ± 0.0 mg L -1 .
After 5 days of challenge, samples of three fish were collected per experimental unit (n = 12), which were sacrificed by medullary section and preserved in 4% formaldehyde to determine the level of ich infection. The remaining fish were kept in each tank to observe the evolution of accumulated mortality. The number of trophonts (white spots) on the body surface of the silver catfish, including caudal, anal, adipose, dorsal, pectoral, and pelvic fins were counted using a magnifying glass. The number of trophonts in each fish was determined by the mean between two counts performed with a variation of less than 10% (BORBA et al., 2007) .
Statistical analysis
The evaluation of the effects of dietary oregano essential oil concentrations on the parameters of performance and resistance to ich infection in silver catfish juveniles was carried out through one-way ANOVA and polynomial regression. To verify the normality and homoscedasticity of the data the Shapiro Wilk test was applied. All analyses were carried out with the aid of software R, adopting the 5% significance level. Percentage values were sinarc transformed for analysis (ZAR, 1996) .
Results and Discussion
No effect (p>0.05) of dietary oregano essential oil concentrations (0.5, 1.0, 1.5 and 2.0 g kg -1
) was observed on the performance variables analyzed (Table 2) .
Silver catfish juveniles fed actively during the experiment, showing an increase in weight of about 5.3-fold after 89 days of experiment. Feed conversion (1.40 to 1.56) and specific growth rate (1.62 to 1.89%) were slightly worse than mean values of FC (1.3) and SGR (2.3%) presented by juveniles of R. quelen with initial weight of 14.5 g, fed different dietary levels of linseed for seven weeks (GOULART et al., 2013) . However, the inferior results verified here might be related to a longer experimental period, which was almost twice longer than that of the aforementioned study. In addition, SGR values <1.0% for R. quelen, lower than those obtained in the present study, were found in the literature, even though they were fish with lower initial weight (2.9 g) and shorter experimental period (45 days) (ROCHA et al., 2007) . According to Losekann et al. (2008) , FC values between 1.3-1.5 are considered acceptable for silver catfish. (LAZZARI et al., 2006) .
The hepatosomatic (HSI) and viscerosomatic (VSI) indexes and the carcass yield (CY) showed no significant variation, indicating the lack of morphological changes in relation to the diets tested (LOVATTO et al., 2014) . In studies with silver catfish juveniles of similar size, no significant differences were observed for these parameters either, but higher mean values of HSI (1.5 to 1.7%) and lower CY (84.3 to 86.4%) were obtained by Lovatto et al. (2014) and Goulart et al. (2013) , respectively.
In the literature, there is little information about the influence of oregano essential oil addition into fish diets, which in turn are somewhat conflicting. Corroborating with the present study, Kanashiro (2015) also found no significant effect on the performance parameters evaluated when studying juveniles of yellowtail tetra, Astyanax lacustres (= A. altiparanae) fed diets supplemented with oregano essential oil. Likewise, no effect was observed on growth parameters in juveniles of Nile tilapia (Oreochromis niloticus) fed different essential oils, including oregano essential oil (CAMPAGNOLO et al., 2013) . As well as there was no significant influence on the results in studies using supplementation with carvacrol (main active ingredient of oregano essential oil) in diets for O. niloticus (FRECCIA et al., 2014) , sea bass (Dicentrarchus labrax) (VOLPATTI et al., 2014) and rainbow trout (Oncorhynchus mykiss) (YILMAZ et al., 2015) . On the other hand, in contrast to the aforementioned studies, the inclusion of oregano essential oil in the diet resulted in positive effects on the performance of juvenile channel catfish (Ictalurus punctatus) (ZHENG et al., 2009 ), of O. mykiss (AHMADIFAR et al., 2011 DILER et al., 2017) , and of A. lacustres (=A. altiparanae) (FERREIRA et al., 2014) .
Moreover, the different concentrations of oregano essential oil in the diet had no influence on the levels of fish moisture, protein, lipid, and ashes at the end of the 89 days of the feeding period (Table 3) . Likewise, Yilmaz et al. (2015) found no significant differences in the body composition of O. mykiss juveniles fed carvacrol-supplemented diets. Conversely, other studies have demonstrated the influence of dietary supplementation with oregano essential oil, or its active ingredients, on the body composition of different fish species. In juveniles of I. punctatus, dietary supplementation with oregano essential oil, thymol, or carvacrol had no influence on the contents of lipid, ashes, and dry matter; whereas body protein levels were raised (ZHENG et al., 2009 ). In O. mykiss juveniles, dietary supplementation with thymol-carvacrol (1 to 3 g kg -1 ) had a significant influence on lipid, protein, and ash contents, but not on dry matter (AHMADIFAR et al., 2011) . As for A. lacustres (= A. altiparanae) juveniles, only the ash content was not influenced by dietary treatments, the body protein increased significantly in fish fed diets with 2.5 g kg -1 of oregano essential oil, and there was a linear decreasing effect for dry matter and body lipid (FERREIRA et al., 2014) . The level of inclusion of oregano essential oil in the diet, as well as the composition and concentration of the bioactive compounds, may be factors of variation in the results of studies carried out with this type of natural additive. Nonetheless, these might not have been the reasons for the non-significant differences among treatments found in the present study, as the same commercial product and the same concentrations were evaluated by Ferreira et al. (2014) and they obtained significant improvement in the performance and body composition of juveniles of A. lacustres (=A. altiparanae). Other factors may also influence the results obtained with this additive, such as the time of administration, the development phase of the fish and the intrinsic characteristics of each species (CAMPAGNOLO et al., 2013; YILMAZ et al., 2015) .
The presence, number, and proportion of blood cells reflect the physiological state of the animal and are important tools for assessing fish health (SADO et al., 2014) . In the present study, no significant changes were observed in the hematological and immunological parameters of silver catfish juveniles fed increasing levels of oregano essential oil in the diet (Table 4) . Likewise, dietary supplementation with carvacrol had no influence on hematological parameters in juveniles of O. mykiss (YILMAZ et al., 2015) .
The hematological and the leukocytes variables, and the hematimetric indexes of silver catfish juveniles were within the basal values found for the species (TAVARES-DIAS et al., 2002) , indicating the suitability of the environment for the fish during the experimental period, with acceptable water quality parameters for the species (GOMES et al., 2000) . The non-alteration of these variables in the present study suggests, according to Tavares-Dias et al. (2007) , the lack of significant stressors affecting the fish and their adequate nutritional state. Essential oils are considered biological substances with an immunostimulating capacity in vertebrates against infectious agents (HARIKRISHNAN et al., 2011; JENEY et al., 2009) . However, such positive effects are not always verified and, as in the present study, Volpatti et al. (2014) observed no influence of dietary supplementation with carvacrol on D. labrax juvenile defense cells. On the other hand, Ahmadifar et al. (2011) found that O. mykiss juveniles fed diets containing thymol-carvacrol presented a higher number of lymphocytes than the control group.
Similarly, in a study also with juveniles of O. mykiss fed diets containing increasing levels of oregano essential oil, both great lysozyme activity and disease resistance were observed in fish receiving the highest level tested (3 mL kg -1 ) (DILER et al., 2017) . It is worth highlighting the current scarcity of studies concerning the effects of essential oils on fish immune system, especially for Neotropical species, and nonexistent in agroecological systems of production. However, they are an important tool for better understanding of the mechanisms of action Evaluation of oregano essential oil as a growth promoter and resistance stimulator against Ichthyophthirius multifiliis... of these substances (TAVARES-DIAS et al., 2009 ).
The ineffective action of oregano essential oil in diets for silver catfish juveniles as an immunostimulatory of the defense cells might have been due to the lack of exposure to pathogen during the 89 days of the feeding period. Therefore, once the fish immune system has not been activated, leukocyte number showed no differences among treatments. Nor did the respiratory burst activity show any stimulation of the phagocytic cells. In contrast, some reports in the literature have shown that even when in the presence of a pathogen the defense cell stimulus is not evidenced. This was the case of juveniles of Diplodus puntazzo, a sea fish species, fed oregano essential oil; these fish presented no greater number of phagocytic cells and no respiratory burst activity even when infected by Myxobolus sp. (KARAGOUNI et al., 2005) .
The inclusion of increasing levels of oregano essential oil in the diet did not present an immunostimulatory effect for silver catfish juveniles, which could be confirmed by hematological analysis and resistance to challenge with ectoparasite I.
multifiliis. All treatments showed high level of ich infection and significant mortality rates (Table 5 and Figure 1 , respectively), with 100% fish mortality between the 11 and 13th days of experimental infection. After the onset of fish deaths, the release of theronts occurs exponentially and there is a process of re-infection of the animals, which raises the cumulative mortality (YASUMARU, 2007) .
In juveniles of O. mykiss fed diets containing different levels of vitamin C for 8 weeks, no difference in infection level of fish collected 8 days after experimental infection with ich was observed. However, cumulative mortality was significantly lower in diets with higher vitamin C concentrations compared to lower concentrations and control diet, suggesting a better general condition of the fish (WAHLI et al., 1995) . In a study with silver catfish juveniles, also fed diets supplemented with different levels of vitamin C and later challenged with ich, there was no significant difference among the treatments, even in relation to the fish fed the control diet, free of vitamin C (BORBA et al., 2007) . 
Conclusion
Dietary supplementation with oregano essential oil did not prove to be effective in improving the zootechnical performance or increasing the resistance of silver catfish juveniles to I. multifiliis. However, in view of the importance of the topic, further studies should be carried out to increase knowledge about the mechanisms of action and effect of this and other natural additives on silver catfish, even at other stages of development.
